as well as why brain areas are differentially activated song system is likely to yield important insights into during these behaviors, is not clear. One possibility is the mechanisms underlying the differences observed that the differential activation of the anterior pathway between directed and undirected singing. More generduring undirected and directed song may serve to coorally, important mechanistic insight into the functioning dinate other motor behaviors that are generally associof the song system is likely to emerge from a deeper ated with these different song types. For example, when understanding of the mammalian cortical-basal ganglia the male directs his song to a female, the anterior pathpathway and its role in motor control and function, while, way may well be optimized to coordinate, or bind, song conversely, work on the mammalian basal ganglia will motor activity with other motor behaviors such as the likely benefit from a deeper understanding of the song courtship dance, which is only observed during directed system. singing.
The use of immediate-early genes, such as ZENK, as Marc F. Schmidt markers for neural activity, provides a powerful tool that Division of Biology can be used in identifying new ways in which neural California Institute of Technology circuits may be organized. As the authors point out, Pasadena, California 91125 however, interpreting the relationship between ZENK expression and neural activity should be done cau-
Selected Reading
tiously. A case in point is the pattern of ZENK expression observed in nucleus RA. This structure, which forms Bottjer, S.W., and Johnson, F. (1997). J. Neurobiol. 33, 602-618. part of the direct motor pathway, is known to be active Chaudhuri, A. (1997) . Neuroreport 8, during singing (Margoliash et al., 1997) Increasing anatomical and neurochemical evidence Margoliash, D. (1997) . J. Neurobiol. 33, (Bottjer and Johnson, 1997; Luo and Perkel, 1998; Jarvis Schmidt, M.F., and Konishi, M. (1998) . Nat. Neurosci. 1, 513-518. et al., 1998) suggests that there are significant parallels Suthers, R.A. (1997) . J. Neurobiol. 33, between the anterior song control pathway (HVc → area X → DLM → lMAN) and the mammalian cortical-basal ganglia pathway (cerebral cortex → basal ganglia → thalamus → cortex). There are functional parallels as well: the basal ganglia, in addition to being involved in motor execution, are also thought to be involved in mo-
Strange Bedfellows?
tor learning, in sensorimotor integration, and in the con-
Protein Degradation
trol of motor acts that require motivational or cognitive drive (Graybiel et al., 1994) . Of specific interest in the and Neurological Dysfunction context of the results obtained by Jarvis et al. (1998) is the finding that "motor" neural activity in striatum (to which area X may be homologous) can be modulated by Angelman syndrome (AS) is a severe neurological disorbehavioral context. A striking example of such contextder characterized by seizures, ataxia, and cognitive dysdependent neural activation can be shown in striatal function. AS occurs in ‫1ف‬ of every 15,000 births and input neurons during a memory-guided saccade task appears to arise from the functional loss of a maternally (Kawagoe et al., 1998) . By combining saccade tasks expressed imprinted gene or genes. The majority of with a differential reward schedule, the authors show cases are attributable to a chromosomal deletion on the that firing patterns that are normally predictive for a maternally inherited chromosome 15 (see figure) . Loss given spatial location can become significantly deof the functional maternal allele in AS also occurs by pressed depending on whether that saccade target is, paternal uniparental disomy (UPD), in which two copies or is not, paired with a reward. Thus, although the motor of chromosome 15 are inherited from the father, by deact, the saccade, is identical in both cases, pairing a fects in the imprinting process (Nicholls et al., 1998) , motor act with a reward (a motivational, or emotional, and it recently has been shown to arise from gene mutadrive) can completely alter neural responses within the tion of the maternally inherited allele of UBE3A, an E3 striatum.
ubiquitin ligase (see figure; Malzac et al., 1998) . The As in the mammalian striatum, area X is strongly innerpaper by Jiang et al. (1998) in this issue of Neuron convated by midbrain dopaminergic areas (Bottjer and firms the importance of UBE3A in AS, by demonstrating Johnson, 1995). These inputs in mammals are thought in a mouse model that a mutation in the maternal allele to convey reward-related and behavioral context-depenof Ube3a is sufficient for an AS-like phenotype. This dent information to the striatum (Graybiel et al., 1994) .
result raises the interesting question of why a mutation Given the similarities between the two systems, a detailed characterization of dopaminergic inputs into the in a gene involved in a general cellular process such apparently normal neuroanatomy, even in cerebellar Purkinje cells and hippocampal neurons, the cell types showing brain-specific imprinting of Ube3a (Jiang et al., 1998) . Is AS caused solely by UBE3A deficiency? From human (Williams et al., 1995; Malzac et al., 1998) and mouse (Jiang et al., 1998 ) studies, it is clear that mutations in this gene lead to most of the typical neurobehavioral features of AS, including ataxia, seizures, and severe mental retardation, albeit to a lesser degree in the mouse then in humans. However, several human studies suggest more severe and frequent seizures, ataxia, and lower cognitive function in AS patients with maternal deletions than in AS patients with UPD, imprinting defects, or UBE3A mutations (Williams et al., 1995; Minassian et al., 1998) . Consequently, it has been suggested that nonimprinted genes deleted in AS may contribute to the phenotype, and that the GABA A receptor ␤3 subunit Molecular Basis of Angelman Syndrome (GABRB3) gene (see figure) , in particular, may contribute A 4 Mb deletion of the maternally inherited (M, red) chromosome to the seizure phenotype in AS (DeLorey et al., 1998;  15, at cytogenetic bands 15q11-q13, occurs in ‫%07ف‬ of AS patients (a), whereas inactivating mutations (X) of the maternal UBE3A allele Minassian et al., 1998) . Since the same chromosomal occur in ‫%5ف‬ of cases (b). The latter are equivalent to the Ube3a-region is deleted on the paternal chromosome in Praderdeficient mice (mϪ/pϩ) generated by Jiang et al. (1998 [this issue Willi syndrome, and these patients do not have seizures tion of one GABRB3 allele is unlikely to explain seizures in AS. However, homozygous null Gabrb3 mice that suras ubiquitin-mediated protein degradation should have vive cleft palate in the newborn period show phenotypic such specific neurological consequences; these mutant similarities to AS (DeLorey et al., 1998), including EEG mice may in fact be just the tools to address this abnormalities, seizures, learning and memory deficits, question.
hyperactivity, and a disturbed rest-activity cycle (the Many aspects of cellular function require regulatory
latter not yet tested in Ube3a-deficient mice). Therefore, protein turnover, and the process of ubiquitin-mediated if there is a role for anomalous GABA A neurotransmission protein degradation by the 26S proteasome is a key in AS, this would have to involve a threshold effect with component of this regulation (Hochstrasser, 1995; Johna concomitant reduction in GABRB3 gene expression son and Hochstrasser, 1997). The ubiquitin ligases are accompanying loss of maternally inherited UBE3A functhought to present ubiquitinated substrate proteins tion. Studies of Ube3a (mϪ/pϩ) (Jiang et al., 1998) and bound for degradation to the proteasome complex. The hemizygous (Ϫ/ϩ) Gabrb3 (DeLorey et al., 1998) mutant cellular function of UBE3A is unknown, despite its initial mice, as well as comparison to AS mouse models with identification as E6-associated protein (E6-AP), a cellarge chromosomal deletions, may allow determination lular protein required for the degradation of p53. p53 of whether severe seizures or other phenotypic features has major roles in control of the cell cycle and apoptosis in AS require Gabrb3 or any other Ube3a-linked gene. and turns over rapidly in normal cells. With the genera-UBE3A's involvement in protein degradation raises tion of mice deficient in Ube3a, Jiang et al. (1998) now a number of questions. For instance, although UBE3A provide critical results and reagents for the definition clearly targets specific ubiquinated ligands to the proof the molecular role of UBE3A, and perhaps p53, in teasome protein degradation pathway, might it also play neuronal function, particularly in the cerebellum and hipa role in ubiquitin-like protein trafficking pathways pocampus.
(Johnson and Hochstrasser, 1997)? Does stabilization Human genetics of AS predicts that UBE3A is imprinted of cytoplasmic p53 play a role in the cellular basis of AS? and only the maternal allele is expressed (Nicholls et Although p53 is required for some but not all neuronal al., 1998). Indeed, in the mice, paternal transmission apoptosis pathways (Sadoul et al., 1996) , it is not clear (pϪ/mϩ) of the mutant Ube3a allele is phenotypically what function, if any, p53 may have in postmitotic neusilent, whereas maternal deficiency (mϪ/pϩ) represents rons. It does appear to play a role in seizure-induced a genetic model of AS and generates mice that, while brain injury, and loss of p53 protects neurons from exviable and fertile, have a characteristic phenotype concitotoxin treatment (Sakhi et al., 1994; Xiang et al., 1996) . sistent with AS. This includes fine motor skill and coorTherefore, analysis of seizure susceptibility and neudination deficits, abnormal electrencephalogram (EEG) ronal phenotype of mice deficient in both Ube3a (Jiang recordings and inducible seizures, an impairment of hipet al., 1998) and p53 function (Williams et al., 1994 ) may pocampal long-term synaptic potentiation (LTP), and be particularly instructive as to the role of p53 in the abnormally high cytoplasmic p53 levels in postmitotic nervous system and as to whether overproduction of neurons (Jiang et al., 1998) . The LTP results correlate the p53 protein plays a role in the neuropathogenesis with a defect in context-dependent learning in these of AS. mice, which is suggested to be analogous to the severe
In conclusion, the development of specific mouse cognitive impairment in AS (Jiang et al., 1988) . Interestingly, the defects in Ube3a (mϪ/pϩ) mice occur despite models of AS, particularly the Ube3a (mϪ/pϩ) knockout mutation (Jiang et al., 1998) , will be critical for determinthe mid-1980s. At that time, plasticity had been characterized at only a handful of mammalian synapses-most ing the biochemical and physiological pathways within the cerebellum and hippocampus for protein turnover notably, long-term potentiation (LTP) at synapses in the hippocampus and long-term depression (LTD) at the mediated by the Ube3a E3 ubiquitin ligase. Ultimately, the hope is that AS animal models will allow investigation granule to Purkinje synapses in the cerebellar cortex (see Bliss and Collingridge, 1993 ; Linden and Conner, of potential therapeutic approaches toward amelioration of neurological and behavioral deficits in Angelman 1995). As such, it seemed most thinking was influenced by the tacit assumption that learning is mediated by syndrome.
activity-dependent plasticity at select excitatory synapses.
Robert D. Nicholls
The article by Aizenman et al. (1998 [ Morishita and Sastry, 1996) . This finding is exciting, even DeLorey, T.M., Handforth, A., Anagnostaras, S.G., Homanics, G.E.,
simply from the standpoint of adding to the list of syn-significance of this accomplishment is considerable. Knowing something about the signals that control plasticity has broad implications that reach all the way to models of learning in networks. Amazingly, Aizenman et al. (1998) have characterized the signals that govern bidirectional plasticity at Pur-
More than Just Another
kinje-to-nucleus synapses (Pkj→nuc) in a single set of
Modifiable Synapse
studies. Like virtually all known (perhaps all) forms of plasticity at excitatory synapses in mammals, plasticity at the inhibitory Pkj→nuc synapses appears to depend "What's the point, aren't all synapses in the brain on levels of intracellular free calcium. The evidence sugplastic?" gests that, like certain synapses in the hippocampus, large increases in postsynaptic calcium promote the This quote paraphrases the response of a graduate induction of LTP at these synapses, whereas smaller school colleague, when I explained that my work inincreases promote the induction of LTD. volved trying to find the synapses in the brain that What makes this story really interesting is the source change during a particular form of learning. He argued of the calcium influx into the postsynaptic cells in the that even if learning modified certain synapses, these cerebellar nuclei. How can there be an activity-depenchanges might cascade through the network to other dent signal related to inhibitory inputs? Inhibitory synapses increase chloride conductances and generally synapses. My colleague's point of view was atypical for
